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(57)Abstract: 

PROBLEM TO BE SOLVED: To precisely measure even 
irregular astigmatism component by respectively 
receiving reflected light flux from the retina of eye to be 
examined and reflected light flux, which is based on the 
light of different wavelength, from near the retina 
curvature center of eye to be examined while converting 
them to the specified number of beams, finding optical 
characteristics from the first one and finding a cornea 
form from the latter one. 

SOLUTION: The light flux of light source 1 100 is 
condensed on the retina at the position of reflected 
light, where a signal peak at a 1 st light receiving part 
1400 is made maximum, at the condenser point of light 
flux from a 1st light source 1 100. That reflected light flux 
is converted to 17 pieces of beams at least by a 1st 
converting member 1300. Besides, a 2nd light source 
21 10 is provided with a wavelength different from that of 
1 st light source 1110, light is condensed at the cornea 
curvature center, and that reflected light flux is 

converted to 17 pieces of beams at least by a 2nd converting member 1300. The optical 
characteristics of eye to be examined are found from the inclination angle of light flux provided 
by this 1st converting member 1300 and the cornea form is found from the inclination angle of 
light flux provided by the 2nd converting member 2300 respectively. Thus, opthalmoscopic 
characteristics can be precisely measured. 
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lx>X5 1 2 0©#$4<L3£X^S«l{Cie§;*tt-C(,>.&. 

[0069] &*>\ m 1 ©X-AXXU » £ 6 1 0 0 « 
¥Mmv$>K). ffl2©X-AXX'J*£6 2 0 0«. 7 
8 0 n mtf SS-C£J5S1 C ©igg J; 0 $ftfftttj8il£ ft 
m3©X-AXXU 9^6 3 0 011 840 
n mttia-Cjgji. 9 4 0 n mttiartiSSJcDP-^* 7 
-<rt'££&oT<,>&„ 40 

[0 07 0] CtrH4(cS-3<,>-C XYT^-Y^>h 
3fc^4 i OOVmfZmWfZo SI (^f^l. 

s i trnrz) xit. m3<DftM4 1 1 o&£*r 
WCSZXit, U>X4 1 20<<c&*)%*nm 
i o i o±(cMsii5„ fits3m 2^?as« 
^4 1 3 oic£K)M*<D{iL&z®m-r?>. zvx^m 

tSL/> ss&r^.x> sstcjt^ swap 

[0 07 1 ] #K05fC«^T. Z7^.X> 50 



!£Bi§¥ 1 0-3050 1 3 
10 

JS5 1 0 0©S6tt£|&HJ3-r.5 o S 1 Xit. 04©3fe?g!5 
1 1 0£.£*T3 •£•*>. >XK.S2X-i*. 3>J^-*U>X 
5 1 2 0{C«tD v W 3K**ftaHHjSl«iaKJ8B»'r 5. 
*ltS3r», mm%Bl&L. S4-C. SI3fcU>X5 
1 3 0 K «fc 0 . ftlf** 1 ^TEliMR?' 5 1 4 0_Bc&f£ 

•r*. -eu-cs 5t», i -AjKMim+s 1 4 0 x&& 

[0 07 2] ft*s. 06cc«-3t,vc. 7-5 h£ 

[0073] C CT. S3fe^©^i&U>X«fc »)M^fliJ 
©U>X£*f!gJU>Xg¥£^-£<t. 77-/^>Ki. b? 

[0074] $J;©fcit§W, *t ! BJU>XgtejIjaLfc& > 

*ttyt¥immjmiz> mmt*m®. 
ftfttfAStsiv «ijeiwiirc«o«!Be«w*w-)eir 
*tft&g«. ^(D^jfeaittaiaffigi, s*s*f©* 

[0076] %4b\ 06 ( a ) AJ^tttDa&SRJB 

06 (b) tt. 3t¥Wfe<DW.m. 06 (c) 
». iEm©^©^.©. 06 <d) &W.<Dmm<DW 

[0077] ^xic. mi&mmti 3 ooic^xmm 

[0078] 0 is^^s 1 2 0 oKigasftfcifr 1 
3 0 o«. s*f^m^^©e-A{c^gi-r 
•s^^^sm-c^-s. *m 1 iistw©^ 1 1 
3ootc«. iemtw.£.-rzw[*iic&m.ztitcmi<D-? 

4 fay is*)VU>Xi)mm%tix OS. 

[0 07 9] CCtv^ U^;l/U>X{C-P(,*-CI¥ 
[008 0] 7-f^n7l/*JH/>XBKfia©S3 

(Sffl t/c 8 U-^ ^©^SSSS^olf/c fe©t?. 1 WtO 

^mmoym-^ 9 8 i^>m%n^m^x * ^ . 

[008 1] 4& 1 fgJIOTOIII 1 1 3 0 0tt, 



C7) 



11 



^gg^Pl 0-3 0 50 1 3 
12 



[0082] fcfc. #2^&gl5#2 300 *>|sH§-C&.5 

[0083] #tt# 1 StESP 1 4 0 0 «. 01 ^g|g|5tt 
1 3 0 0r^3n/dgSfc©e-A£^TrS/c*©*> 

S. COCCDIi. TVJB&£-©H&ft&fc©#>6a'J5g 
ffl©2 0 0 0*2 0 0 Of^f . {°ltl<D$-{7<Di><D& 

[0 08 4]S!lS«14 0 0)&TVffl(3)CCD4f 10 

mmx-mm? v ^i/a > tr» - * -^©a*j *> 

Kflg-C&S. £©*§•£. CCD£^©F7-f^-#>6© 
BH£sm^ffl;*Jtt. NTSCffiU ><-V:MU=i>K 

*-*-«cNTscm#K3ajsofc®fltA;*j5K- k*« 

[0 08 5] g/c. #l§3fcg&l 4 0 0 £*NtJB© 2 0 

0 0*2 0 0 0^©CCD£SfflL7fcJt£ > £K«!K 

>t-*-*-(C$J£ffi£A#T£C£#-C£.5. 20 
[0 08 6] fete. CCD*^©a"J5£m^«r. 9*5?** 

mn-c^ - v * a 3 > f * - * - cc a^j-t 3 c 1 1> pj#& 

[0 08 7] ^l/t^lS^UOOB. tttftHRttig 

1 o 2 o <t# i 1300 tmrnttmrnzmm* 

X= (X* /£) 

[0095] 

Y= (V /£) 
[ 0 0 9 6 ] C C-C. <3». 5fe^©®^-e*.5. 
[0097] 5fe^*s«URM-C*n«. ifcljiRgW 
W ( ( (X' //3) . (Y* 



[0088] *fc*^OS 1 &%Jb¥m 1 200lt 
m 1 ^l&SM* 1 3 0 0 tfflfcWm 1 0 2 0 Bgft 

ari*3fctt«tc*«,»T. &*£0S 
■HK*»&©KSMsrw. ■ms^-rsBfeSKAW-*-* 

«*JR*i. BS^tT^mrS5fegiJ(CAWT4««:. P335T 

[0089] # 1 1 200 «c». fcf- 

AX^>; »f6 1 0 0*s»A;*n-C*s'h #lj«fc^ 
£1 10 0*»6©**ttttK.l OO0tCiM3teU 

[0090] fcte. f&2§3fcg|S2 4 0 0©-€-©f&©# 

[0091] ^Atc. # 1 StEsb 1 4 0 o-cf§p>n^m 

OflRtf AKX^t-CWMK 1 0 0 0 

fca>©in»sP9 1 o o©»ff«ancr><,»"c»«Kci»wr 

(00921 c c-cm$&}8i*mmtcnmTz>. 
[0093] H7fc**?tt<c#i9&8tti 3oo©i 

#*X. Y<bU *13BI6«1 4 0 0©JS«* x, y 
[0094] 



•#155 



#255 

(X. Y) fcW (X* 
*30 [0 09 8] 
//3) ) =W (X* . Y' ) 



Y' ) ©W^«> 



[0 09 9] 



X. 



Y. 
A, 



A. B. C 

Z • • • • 

B. C • • 



• • ) 



[0100] ifc*. 
[0101] CCt, 
[0102] 
f (X. Y. Z • • 
[0103] £T5. 
[0 10 4] CC"C, 

[0105] sue. &ffl*c©£wg55f tatci^ 
wr*. aa&'-c?-*-* (a. b. c • • • 

[0106] '\)\> b v>©fiJSMS{C <fc t) . 

[0107] r»i j 

[0108] 0455 

[0109] &&rc 

[0110] XRHCU. ^-artffcfcfci&^TO*© 



#355 

coma #m*. £8^©ttsi£8icj: 
[oiin Mfcv *OTfc>iJ---r»se3*is»4. 

S*i*>6©^iKltS-e&5. 

[0 112] H7r*©H«3Wfi«W(CfiR»)S[oci*» 
40 fcifcircvs. 

[0113] 1 (xAO # 1 £3ft9W 1 3 0 0 £# 
1S»1 4 0 0&©H£IKr&&. 

[0114] # 1^£SP« 1 3 0 0©(M>j£tt*X. Y© 
&8mc*S\.>Xdx (X. Y) . dy (X. Y) «ft 
*. 

[0115] dx, dy»^Stt©13R?-tC»l/T:. 
# 1 SftSB 14 0 0 ±©fJf)SS>6hfcJ^* £ . UBS© 

%k©hui©x. y*iai*nfft©aait*4. 

[0 116] 3 0 0©13R^tC»J&r* 

so Mia. jg®*s-««c^-c*9, sm-rntf. 
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13 



mizinfcmi&wm.'ei* z>m 1 1400 ±<d& 

£&2>. * 
d x (X,. Y,) =Xn— x 0 ,, 

CO 1 1 9] 

dy (X,. Y,) =y M -y , „ 
[0 12 0] CCiC^ ^f^fUt^i. <$J?E^ 

[0121] f £®#Ufc5$£ffi^£fc«>. f © 

[0 122]$fc, *{*W^cW^<fcU-C. &{6Kfc35iRg 
4«fc<^l6Lfcfi^H^rcS>2 > Z e r n i k e©=£5t5$ 

[0123] Zernik e (D&m&O- 

[0 12 4] rg[2j 

[0 125] 075$ 

[0126] rafC 20 
[0127] C Ct, Zernike <D&mjS.*fk#tfi) 

[0 128] Z.,= 1 
Z,, = x 
Z„ = y 
Z,, = 2 xy 

Z ll = -l+2y' + 2x 1 
Z ll = y 1 -x l 
Z,, = 3 xy'-x 1 

Z„ = -2x + 3xy' + 3x' 30 

Z„ = -2y + 3y 1 + 3x'y 

Z„ = y J -3 x'y 

Z„ = 4y'x + 4x ) y 

Z„ = -6xy + 8y J x+8x ! y 

Z.^l-ey'-Gx' + ey' + ^x'y' + Bx' 

Z« J = -3y I + 3x , + 4y , -4x 4 

Z 44 = y 4 -6 x'y' + x 4 

[o 1 29] cn6=&4^-c*i«>n«. (affix, y 

^fSjtC 4 &m<D 1 6 M+ 1&) 17 gM±<DV->7)l 
&&>jmtrj;Z. AO 

[0130] cc-c, M,wmrj:mnifm^m8icm^ 

xmWTh. S1W. 01S3fegPl 4 0 OfrhV)*?- 
S3m *>^«l>^-**6. DEFOCU 

ttS7tCjt^ mVfi2®$>Z<DVf (OB* 1/2 i: SO 



*§f&W 1 0-305 0 1 3 
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[ 0 1 1 7 ] d x. dyB. 6©*S-C 
[0118] 



i&55£ 



menu 

[0131] Kcs6t, nmmjt&mMLx^tmt 
£. 

[0 132] [*2%S6M] 

[0133] *^©^2^Jfe0l|-C*5llg^ttSlJ^g 

20000W. H9«:^r«fc. 

[0134] m2mmwx-$>z>wum%m%im;2 ooo 
o». %*i i i ot, c®3fe^i i i o&hoymtx 

3fcg|5fCii < tcJt><D^%%^ 1 2 0 0 £ . C ©EM*BR 
*4>&< £61 7#©t-Afc^g^S/c&©g&S|S# 
1 3 0 0 £. ^&gM* 1 3 0 0^^3ft/cJt&©3fc3S 
*S^-5/c»©S3fegiJ 1 4 0 0 £. C<D&%$$ 1 4 0 

[0135] Jgg&&&tt 1 1 0 0 « v 01 cr>HI3fcU>X 

ii2ot, y&mmmti 1 3o<t. s&2©*:ftu> 
xi i40i*e,M3nn>5. 

[0136] 1 1 0 0 «. ^^©fflJf^K: 

WCtt. -2 0f^*:/*-#>6+5 07 <*-7Z--W 

g©$EB^iftnjtBK*gj&£ft-ci,>s. +50^ 
[0137] ■^m2mmm<mm\ 1 1 ooisa. ^ 

[0138] y&mmmt 1 1 3 0 «> w&mntn 

[0139] fiP*3. nb£M£l$«:t2& 1 JRfflBftflR& b 

^HR<o®5T^{cf6Dr^.i 1 1 ofrhomitfi 

m^mimmi / citm2mmimtbx. nmmm^m 

[0140] lgJg»J5£B$(C*3t=.T J^BgOBJiatf 
ifi*jiUrJ8Wr -Sm 1 AJR?Wtt»£. »tiUB<Dtttt><fr 



15 

[0141] &tcftmwmm$<<ci5^x\-s.. m2mw 

[0142] C©#3i^i§5SBW 1 130B, tp&tti&K. 

ma<D$>zmimt. mm$m&icmn<D&zm2i&. 

*) £ *> h t£ £ DjgSg »} -c«f fiSc-T £ C £ & r # 5. 
[0 143] EP%. nJ^OO^l^O^. 7fe5Srt«:# 
AShti^HicB, 4>:&©S:»cj&fc;*nri,>.5© 
ffi©l'J5£*sfTfeft> pJ^OO02^O*i^S8l*3{C#A 

[0144] $/c^mi®KSm 1 130tt, W« 

(cpgp=&0^3 # sm i Awm^mb . jaasBttjatcgg 

[0145] fto?%JIS»K8ttt 1 1 3 0 «> IS&Bg 1 

0 0 OOtt&BftfittiStC. «^Bg 1 0 0 0 OWtfttt 

2«aoTjiHs-r** i ajsm«ss£. &&bb i o o o 

[0146] SjOfc^* 120011 «^BB*>6JSS*U 

£. §?K3fr^l 2 0 Ott. ^1©T7*-*jHx>X 

1 2 1 0<t. I2077*-MU>X1 2 2 0 £. g 
«*JR*iJ>«c< £i> 1 7$©t-A(C?ait5fc»Ot 

13 0 0 &*»6#W5SftTl,>S. 

[0147] jiBt«*x 1 1 o o is. tmrnmrnmo 

tcMUTBS^Sttfig-C^T -2.® 2 §?6i*<g£-C§36 
gpi 4 0 OK* <?<:«>©*> ©-?&£„ 
[0148] JCR93£¥$ 1100 t<8tt%&Jh 1200 

?nfcior. ^©Kftfefctc^-smis^sin 4 0 or 
W)?zmicffi!8,3tiXl>2>. fcC*s. ^02HiSP9-C«. 

- 2 o 7 s ^ -#> 6 + 5 o <? 4 * -tmvmw 
xmi 1 1 ofrt>oftm.& x fflm±x-mft-?zc66tj; 

[0 149] *UX&%gHl 4 0 07©^^^® 

[0150] i 2 o o «. mi^om&fjK. 

&cxftwmK&n»if&£Kr>xii5'). aesiawis 

0 o K«mf&*jfowi!B# sn*««c«B8s tiTir»a. 
[0151] *©fl6©«j35. tm. sbttmit. m 

1 H»ffl£R*t?***6»W««W^-<5. 



(9) ttRW 1 0-305 0 1 3 
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[0152] 

^SPfc^E < /c«>©|[l 1 g##*5R £ . C ©&Sft£JS£4> 
fc< £fc 1 7*©lf-A«:aaft-J-*A:e6©»lSBftStt* 

£ . Km i ^gpivfr^ s nfca0»©#j&Bt#r s 
/c&©m i S5fesp£ . striem i agg£Stt^jigs©^^ 

«JSlft^tf <0^2iaM&3«r JRW £fc*©S8 2 MBJ3 
Jfc&i!>fc< £fc 1 7^©hT-A«:^-rS/c«?)©02^ 

3i»©«*ftK»^c>r«tw©j(SiW9tt**». Mia 

# 2 S^gp-C© 6tl/c5^©«^ ft (ca-^C»TtS*ll!B© 

ftig^tt?:^* * /c»©?nes» £ e>*?f j£ s nr <, > £ © 

20 r. ^K©3fc=m&£*ic. »MK<DAie0tt««« 
[0153] 

mil *mxDm i njs«©iis^actiia 1000 

[02]®1 SIJfe09©|iS^ttSiJ^i|g 10 0 0 0 ©!SS\ 
[S 3 ] m 1 9GHtMOR4M£iffi@KS 1 0 0 0 0 ©m^ 

30 [04] XYT-7^y>h^mBJ-rS0"C*^„ 
[05] ZT^^^>h^SiHJ-r-50-C&S. 

[06] 77^>h£i&Bj-r-s0-e<&£„ 

[07] HS?rSiW-r-50-C*.&. 

[08] jwH*Rw-r*H-c*a. 

[ 0 9 ] m 2 ^S609©BS^14a>J^a 2 0 0 0 0 ©^fiS 

*itt"!8-rs0r*.5. 

[010] 02HJSM©IS^a , J^g2 OOOOOf 
fiS*SJB^^S0'C&S„ 

[*Ht©lftipH 
40 1 0 0 0 0 ^1 HJS^I©Bg^14S'J^a 
20 00 0 m 2 HJfe^J© BSItttS'J^^S 

iooo mm 
i o i o nm 

10 2 0 

1030 mm 

110 0 mi 

1110 m$M 
1120 mi©^u>x 

113 0 ^JKSiBESnt 
50 1 1 40 m2©*^U>X 
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CIO) 


ftmw-i o- 

18 


1200 




* 5 1 00 




13 00 




5 110 


04©^® 


1400 




5 120 




2 100 




5 13 0 




2 110 




5 140 




2200 




9 100 




2300 




9200 




2400 


m2§7fcas 


9300 




3 100 




mi) 




3 110 

3 120 

4 100 
4 110 




10 




4 120 








4 130 




* [&2] 





n-2m>Q<Db^sin 
n-2m<Q<D cos 




* t • 



(11) 



ftmiW- 1 0-3050 1 3 



MOO 



[02] 



(D (D 



LJL - J I 



"7 
920O 



r~ 

930O 

9400 



[03] 




— © 



17] 



[05] 
4 J > h 



— SI 



— S2 



S3 



S4 



Position 
Sensitive 
Devise 
U&7G) 



35 



S6 



(Xij f yij) 
(xu,yu> 




(12) 



1 0-3050 1 3 



[06] 



1300 



S4- 




— S5 



tarn 



S2 o WU'VxBaO / 'I 00 



















1 






[09] 




r 



C13) 



ftffl¥- 1 0-3050 1 3 



[08] 



I 



/<x, y)=D (x z + y*) +Ax + By 



S2 



^S3 



S4 



S5 




S8 



I 



C14) ftmW- 1 0-305 0 1 3 



[010] 




